The process control utilised in this study was an Escherichia coli (E. coli-GFP) strain carrying a chromosomally integrated copy of the green fluorescent protein (gfp) gene of the jelly fish Aequorea victoria. Application of the process control involved spiking samples with the E. coli-GFP containing cells and detecting gfp using real-time polymerase chain reaction (PCR). The process control was implemented in the context of two multiplex real-time PCR assays. The first multiplex targeted the ctxA, hlyA and gfp genes, while the second targeted the gfp, O1-rfb, and O139-rfb loci. The detection limits for both the multiplex real-time PCR assays were 20 CFU (colony forming units) per reaction.
INTRODUCTION
Traditionally, culture methods have been used for detection and identification of Vibrio cholerae (V. cholerae); however, culture methods fall short in terms of specificity, sensitivity and time to identification (Kong et al. ) . According to Gubala () the polymerase chain reaction (PCR) has become a useful molecular-based detection alternative to culturing, microscopy and biochemical testing for the identi- and external controls should be included with each assay to monitor assay performance. External controls monitor the use of instruments, the assay reagents, and ensure no DNA cross-contamination has occurred. External controls com-instead of a test sample, contain either known positive nucleic acid template, that should produce a PCR product, or no nucleic acid template, that should produce no PCR product (Murphy et al. ) . An IC is a non-target DNA sequence present in the same sample reaction tube which is co-amplified simultaneously with the target sequence (Hoorfar et al. ) . A positive result from IC target sequence indicates that the amplification reaction was not inhibited, thereby validating a negative result for the primary target (Nolte ) .
There is however a need to control the entire PCR procedure from DNA extraction to PCR amplification and PCR product detection, particularly as environmental water matrices are diverse and the DNA extraction step is likely to be the most uncertain in the entire procedure. When introduced into an unprocessed water sample, an IC can also serve to monitor the reliability of the complete procedure of nucleic acid extraction, amplification and PCR product detection (Rosen- In this report, an Escherichia coli (E. coli) strain carrying a chromosomally integrated copy of the green fluorescent protein (gfp) gene of the jelly fish Aequorea victoria was utilised as a positive process IC. The report describes how the process IC was incorporated into two multiplex realtime PCR assays for the detection of toxic and non-toxic V. cholerae strains. Furthermore, the report provides details of the two multiplex real-time PCR assays and their performance on spiked and unspiked environmental water samples.
METHODOLOGY Bacterial strains
Bacterial strains used to test the specificity of the real-time PCR assays are tabulated according to species in Table 1 . (Table 2) .
1.2 μM universal primer identical to the common tag sequence of the HANDS primer (Table 2) , 0.1-0.9 μM primer pairs for each amplicon, 0.05 μM of each of the five differently labelled probes ( The standard curves were generated by plotting the log value of the calculated CFU per reaction versus the Ct. From these, the slope of the curve (y) and regression coefficients (R 2 ) were calculated in order to estimate the efficiency of the PCR assays. test using target and non-target bacteria listed in Table 1 .
All target strains (toxigenic and non-toxigenic V. cholerae strains and E. coli-GFP) were correctly identified with the in vitro test, and no false-positive results were obtained with all the non-target bacterial strains listed in Table 1 . cholerae multiplex real-time PCR assays described here were designed for presence and absence only, however, these curves can potentially be used for relative quantification purposes or for estimation of unknown quantities of bacterial cells added to the assays.
Environmental sample analysis
The two triplex real-time PCR assays were assessed for their ability to detect V. cholerae from 60 (15 each of treated sewage, dam, catchment and tap water) water samples. Preliminary PCR analysis of the water samples indicated that there was no detectable, naturally occurring, V. cholerae in these water samples, which is represented by the results for the negative control (ÀC) as illustrated in 
CONCLUSION
Considering the results presented in this study, it can be concluded that the E. coli-GFP strain described here provides an easily applicable positive process IC capable of improving the reliability of real-time PCR test assays. The positive process IC showed no inhibition or loss of sensitivity in the APW 
Tap water À þ þ þ À À LOD, limit of detection; ÀC, negative control (unspiked water sample); þ, specific amplified product detected; À, no amplified product detected. 
